At high osmolarity, Escherichia coli synthesizes trehalose intracellularly, irrespective of the nature of the carbon source. Synthesis proceeds via the transfer of UDP-glucose to glucose 6-phosphate, yielding trehalose 6-phosphate, followed by its dephosphorylation to trehalose (H. M. Giaeyer, B. 0. Styrvold, I. Kaasen, and A. R. Strom, J. Bacteriol. 170:2841-2849 , 1988 Figure 1 demonstrates the time-dependent conversion of glucose to trehalose, using cell densities of 0.2 and 2.0 and an NaCl concentration of 350 mM (which appeared to be the optimum for the formation of trehalose). Glucose itself is not seen on the chromatogram, since it was present only in the medium that was removed by centrifugation. Using the lesser amount of cells nicely revealed the time-dependent conversion into trehalose. The first recognizable products were glucose and trehalose phosphates, followed by trehalose. One can estimate from the results shown in Fig. 1 that the rate of trehalose formation under these conditions (glucose concentration in the medium in the vicinity of the K,t1 of glucose transport) is about 8 nmol/min x 109 cells at 37°C. For the enzymatic identification of the compounds separated on the thin-layer chromatography plate, the silica coating was scraped off and the compounds were extracted with water and clarified by centrifugation. Fifty-microliter samples in 10 mM Tris hydrochloride, pH 8, were treated with E. (oli alkaline phosphatase or E. coli trehalase or both. After incubation for 30 min, the reaction mixture was analyzed by thin-layer chromatography followed by autoradiography. In this way, the first products after glucose uptake were identified as glucose and trehalose phosphates (results not shown).
metabolize glucose. The total yield of radiochemically pure trehalose from glucose was routinely more than 50%.
Trehalose is a nonreducing disaccharide composed of two alpha-glycoside-linked glucose moieties. This sugar plays an important role in many organisms as a storage carbohydrate as well as an osmoprotectant under conditions of severe dehydration and high osmolarity (10) . In Escherichia coli, trehalose is synthesized in response to high osmolarity (4), but it also is an excellent carbon source (7) , both at high and low osmolarities (1; C. Gutierrez, M. Ardouel, E. Bremer, A. Middendorf, W. Boos, and U. Ehmann, Mol. Gen. Genet., in press).
Here, we present a fast and convenient method of synthe- Figure 1 demonstrates the time-dependent conversion of glucose to trehalose, using cell densities of 0.2 and 2.0 and an NaCl concentration of 350 mM (which appeared to be the optimum for the formation of trehalose). Glucose itself is not seen on the chromatogram, since it was present only in the medium that was removed by centrifugation. Using the lesser amount of cells nicely revealed the time-dependent conversion into trehalose. The first recognizable products were glucose and trehalose phosphates, followed by trehalose. One can estimate from the results shown in Fig. 1 that the rate of trehalose formation under these conditions (glucose concentration in the medium in the vicinity of the K,t1 of glucose transport) is about 8 nmol/min x 109 cells at 37°C. For the enzymatic identification of the compounds separated on the thin-layer chromatography plate, the silica coating was scraped off and the compounds were extracted with water and clarified by centrifugation. Fifty-microliter samples in 10 mM Tris hydrochloride, pH 8, were treated with E. (oli alkaline phosphatase or E. coli trehalase or both. After incubation for 30 min, the reaction mixture was analyzed by thin-layer chromatography followed by autoradiography. In this way, the first products after glucose uptake were identified as glucose and trehalose phosphates (results not shown).
For assays with strain UE15 (MC4100 treA) (Gutierrez et al., in press), induced for the trehalose transport system, and strain KRIM4, a transport-negative derivative of UE15, were done by using [14C]trehalose synthesized by the method described above as well as by using authentic [14C]trehalose obtained from Amersham Corp. Both substrates were added so that the amounts of radioactivity were identical. Commercial ['4C]trehalose was less well transported in UE15 than that which we synthesized, while KRIM4 did not take up any radioactivity at all (Fig. 2) . The comparison of the two preparations of [14C]trehalose by uptake measurements is valid despite the fact that they exhibit different specific radioactivities (150 versus 540 mCi/mmol). The chemical concentrations of trehalose in the uptake assay (in the absence of unlabeled trehalose) of 1.0 and 0.3 ,uM were far below the apparent Km of the trehalose uptake system (10 ixM). Thus, the number of counts per minute taken up per minute should be identical when the same amount of radioactivity is present in the medium, irrespective of the difference in chemical concentration. This experiment demonstrates that [I4C]trehalose synthesized in the manner described above does not contain unlabeled compounds that interfere with trehalose transport.
On the basis of the properties of strain CB30 of not utilizing glucose as a carbon source and not producing glucose-containing polymers via gluconeogenesis (9, 11) , it can be concluded that trehalose synthesized from two molecules of glucose will have twice the specific radioactivity of the [14C]glucose used as the substrate.
We thank Dan Fraenkel for strain DF214 and Michael Ehrmann for stimulating discussions.
This work was supported by grants SFB 156 from the Deutsche Forschungsgemeinschaft and by a grant from the Fond der Deutschen Chemischen Industrie.
